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1. 

IMPOUIIDIIJG  DAK  ATJlJ  f'lLTRATIOlI  PLANT. 

At  the  present  zirae   a  public  water  supply  system  Is  con- 
sidered more  in  the  light  of  a  r.ecessity  than  a  luxury.  The 
faot  If-,   rnorc  universally  recognized  that  supplies  obtained 
from  shallow  v/ells  situated  near  defective  cesspools  and  out 
houses  are  a  menace  to  health,  rince  the  ir.dividual  supply  is 
obtained,  in  a  i.iaiorlty  of  caftes,  from  the  ordiiiary  siialloi? 
well,  and  the  cost  of  deep  wells  ma^es  their  consti'uction 
impossible  by  most  people,  the  problem  must  be  solved  by  a 
concentrated  effort  of  the  minaicipality.  This  effort  to  tai^e 
the  fori:,  of  a  single  source  of  supply  which  is  knoxTn  to  be 
uniforinly  good. 

Ar:other  important  function  of  a  -water  supply,  is  that  of 
furnishing  the  necessary  water  for  flushing  a  sanitary  sewer- 
age system.  Such  a  system  is  manifestly  of  alight  value 
otnervflse. 

Besides  furnishing  an  improved  supply  from  a  sanitary 
stand  point  the  system  may  also  be  made  to  furnish  a  supply 
of  gr'_ater  value  to  the  domestic  and  commercial  consvj.iers, 
such  as,  soft  v/ater  in  place  of  hard  -.-^ell  v/ater,  g;':'eater  ar:d 
more  efficient  fire  fighting  facilities,  and  the  use  in  the 
conveiiient  fixtures  (bathtubs,  1-vatories,  etc.)  tending  to- 
X7ard  a  higher  plane  of  civilization. 

The  quality  of  water  for  ordinary  household  purposes  is 
of  grat  importance.  Waters  containing  considerable  amounts 
of  al]£aline  earths,  as  those  from  deep  wells,  etc.,  are  not 
only  unsuitable  for  cullnaty  purposes  but  also  for  washing  on 

•^account  of  their  action  upon  soap,  rcQiilrlng  avcessive  amounis 
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of  the  sajne  to  iji-ocluce  tlie  desired  evTects.  Thii-j  j^rom  an 
economical  stand  looint  is  not  desirable. 

Generally  speaking  for  technical  and  eoiiiniercial  purposes 
a  soft  iTater  is  cjesireble  and  in  many  cases  necessary.  The 
foriiiation  of  bollei^  scale  from  hard  v/ater  is  of  great  econom- 
ical import.  In  pa\er  and  pulp  v/or^s  and  in  dye  '.vorjis  the  use 
of  v/ater  containing  iron  is  mmpossible.  Brevrerics,  distiller- 
ies, and  sugar  and  starch  manuf acturies,  require  a  v/ster  free 
from  micro-organisms. 

THE  COHDITIOIiS  AT  KiyERSIlJE  AlID  TEE  DESIRABILITY  OF 
FILTRATION. 

Tiie  crater  supply  at  Riverside  is  limited  to  tv/o  sources; 
the  one  being  artesaan  ?/ells  driven  into  water-bearing  stra- 
tum of  the  Potsdam  sandstone,  tne  ox,ner  being  the  Desplaines 
River. 

Tiie  v/ater  from  the  Desplaines  river  v/hen  filtered  v/ill 
meet  all  the  above  requirements  at  the  ssiae  time  furnishing 
a  drinning  water  v/hici-  v;ill  be  clear  and  free  from  dangerous 
pathogenic  organisms. 

The  first  ycfeelds  a  bacteriiiologically  purs  water  but 
contains  a  large  amount  of  minerals  and  alhaline  earths  in 
solution.  The  extreme  hardness  of  the  v/ater  mahes  it  undesir- 
able for  all  pitrposes  except  drinhing,  as  shor/n  above.  Th.e 
quantity  available  is  somicvrhat  limited.  In  the  vicinity  of 
Riverside  the  draught  is  so  great  that  the  exhaustion  is  felt 
for  several  miles  distant.  ( Turnoaure  and.  Russel).  The  reduc- 
tion in  nead  has  i:;ade  the  use  of  deopT,vell  pumps  imperatTve. 
These  pumps  being  of  loxv  efficiency,  the  cost  of  maintenance 


18  very  liigh.  Also  tlie  firi-;t  cost  of  installation  of  tnese 
deep  v/ellc  and  piurps  is  enteemely  iilgii. 

The  Iler.-^:lalne&  River  receives  sev/age  pol-Qiution  several 
iidlefj  up  stream  fron  x.i:e  proposed  site  of  the  reservoir. 
Chemical  analysis  shows  tne  \7a1er  to  contain  nitrites  and  a 
large  aiaount  of  free  and  albimincid  aiinrioj.ia  in  txio  samples 
takeii  at  the  sight  of  t  he  reservoir.  Also  Bacteriological 
analysis  shov/s  the  presence  of  B.  Coli.  Goi.mranis  and  otxier 
bacteria.  From  this  analysis  it  is  evident  thet  filtration 
must  he   resorted  to  if  the  vrsxex   from  this  source  is  to  oe 
used. 

The  reconnaisance  sur'/ey  v/as  made  "iTith  a  viev;  of  dete'"- 
mining  tne  location  and  hind  of  reservoir  and  settling  hasin 
to  be  used.  Prom  tne  repo  ts  of  the  U.  S.  it  x^as  foiind  that 
the  niinlmuj:;  flo?/  for  the  dryest  year  rras  zero  floiv  Lot   a 
period  of  tjiree  months.  This  maiies  a  storing  reservoir  of 
90,000,000  gallons  necessary. 

Half  a  mile  nortn  of  the  city  the  most  suitable  location 
was  found.  At  this  point  the  channel  of  the  river  vadens.  By 
the  erection  of  a  loxr   dam  a  reservoir  of  67,000,000  gallons 
capacity  may  be  obtained.  The  dredging  out  of  a  portion  of 
the  lowla:":ds  will  give  a  reS':rvoir  of  the  required  capacity. 
This  v/ill  also  act  as  a  settling  basin.  The  topography  at 
this  point  is  sucn  that  a  da;:!  and  the  filter  beds  can  be 
constructed  at  a  conservative  cost. 

There  are  tv;o  general  classes  of  filtration;  by  mechanic- 
al filters  and  by  slov.r  sand  filters.  The  latter  may  be  divid- 
ed into  two  classes;  intermittent  and  continuous. 


The  iBech£:-ic&_l  filtej-  is  no  c&lled  becsiiBe  of  the  UBe  ci 
niachiiiery  in  raiding  or  agitating  tiie  sand  di;ring  cleaning.  It 
is  also  called,  -one  rauid  filter,  and  is  designed  to  accoa- 
plish  the  purification  of  viater  v/ith  a  smai:  er  area  than  the 
slov;  sand  filter.  The  filtering  inaterial  is  sand  in  beds  frozi 
tv/o  to  four  feet  deep.  The  chief  points  are  as  t'o11ov/s;  the 
very  rapid  rate  of  filtration  usually  hetx7een  100  to  125  mil- 
lion gallons  per  acre  per  day,  the  use  of  a  coagnlunt  to  aid 
in  filtration,  the  manner  of  n'ashing  the  sand  oed  and  the 
mechanical  details. 

The  slov;  sand  filter  is  essentially  a  sand  bed  of  a  pre- 
detcriiiined  depth  enclosed  in  a  ?/ater-ti;ghL  reservoir.  On  the 
bottom  of  the  reservoir  are  collecting  drains.  Above  these 
for  a  small  depth  is  placed  e  layer  of  coarse  grtvel  of  de- 
creasing size.  Above  this  is  a  layer  of  sand  i^hich  is  the 
true  filtering  medi"LUii.  The  water  is  pun/ped  u^jon  tne  beds  and 
filters  through,  then  is  collected  in  the  drains  and  carried 
'CO  a  pure  v/ater  reservoir.  This  system  has  a  slov;  rate  of 
filtration  usually  not  exceeding  two  (2)  to  four  (4)  r.iillion 
gallons  per  acre  pei  day.  In  choosing  a  system  of  filtration, 
the  various  points  of  each  of  the  above  v;crc  considered  and 
the  slov/  sand  filter  determined  upon  for  this  particular 
Cf"se.  In  the  case  of  the  mechanical  filters  about  ten  per 
cent  of  the  v/ater  passing  is  necessary  for  r/ashing  the  sard 
v;hile  for  slow  sand  filters  only  one  per  cent  is  used.  The 
efficiency  of  a  slov;  sand  filter  is  also  considerably  higher 
than  thax  of  a  mechanical  filter  ov;ing  to  the  slower  rate  of 
filtration.  The  use  of  a  coag-ulunt  in  connection  v;itxi  mechan- 


ice.l  filters  is  also  an  added  cost  of  inaintcance.  To  obiain 
ur.iforraly  good  re, stilts  i^'itli  econoiu:-  requires  very  careful 
operatiorx.  The  -/ater  inuso  Toe  analysed,  ciieuically  in  order  to 
ad.'^ust  the  rir.ount  of  coagulunt  especially  where  the  all-iaiini- 
ty  is  Ion,  as  in  ^l.is  case.  For  slov;  sand  filters  these  cost- 
are  n:  2n::cess£ry.  In  both  cases  hov;ever  a  systeKiatio  tiacterii.- 
logical  examination  of  the  effluent  shotild  de  carried  on. 

The  eccnony  of  mechanical  filters  is  in  their  lov;  first 
cost;  also  in  cases  v/herc  a  settling  hasi:;.  is  irrrpossiDle  and 
v/here  cost  on  gro-and  malces  the  large  sar.a  filters  prohibitive. 
V.'e  believe  that  in  this  case  the  ease  of  constructing  a  sett,- 
ling  basin  and  reservoir  and  the  cheapness  of  land  reraoves 
these  latter  objections  to  -cne  slow  sand  filter. 

In  most  small  tovms  tne  ;mpervision  of  ;  uch  natte-^s  is 
badly  neglected,  therefore  ne  thinh  that  the  efficiency  of 
the  mechanical  filter  i70ulci  be  greatly  redmced.  Since  the 
slov;  sand  filter  is  practically  self  operating  after  instalf- 
ment  and  produces  uniforin  results,  even  v/ith  poor  supervisior, 
its  use  in  small  towns  is  advantageous.  These  several  reaso:-.s 
lead  to  our  selection  of  a  slov/  sand  filter  with  a  inean  rate 
of  1,910,000  gallons  per  acre  per  day  and  a  maxiKium  rate  of 
2,540,000  per  acre  per  day. 

THE  RESIilEVOIR  A1!D  DAM. 

A  stadia  survey  of  tiie  site  of  the  reserV-oir  was  made 
abd  a  map  dravm.  (See  Plate  I.)  Cross  sections  v/ere  also 
tai^en  at  the  proposed  site  of  the  dairi  and  at  three  points 
above  the  same.  (See  Plate  II.)  From  these  sheets  tne  capacity 
of  the  reservoir  v/as  computed  for  different  levels  and  the 
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iQined.  tc  i.^pound  the  requirscl  voloi-ae  of  water.  Tlie  uo 'orni^ient 
Geological  Survei ,  Maps  of  this  region  ^^ere  studied  and  it  vras 
found  that  the  raising  of  the  river  -ohe  required  amount  -ould 
not  flood  any  v-luable  property  up  streain. 

The  foundation  for  the  dairi  was  i^ound  t.o  ce  good  coiuoact 
gravel  and  a  hollov;  reinforced  concrete  dai:i  v/as  deterinined 
upon  ^oecause  of  itc  great  stability  under  cxtreine  conditions 
of  nigh  water  and  its  relatively  low  coat. 

The  lengxh  and.  position  of  the  dam  was  determinxxl  oy 
triangulation  as  were  the  positions  of  the  intahe  crio  and 
pu-.iplng  station  and  filter  beds.  (See  Plate  III.) 

The  dimensions  and  details  shall  'oc^r,el   forth  in 
Plates  IV  and  V.  of  this  thesis. 

FILTRATTO'!  .PLANT. 
Intake  Oril). 

The  intahe  crib  was  designed  tc  remove  the  heavier  sus- 
pended natter  and  to  provide  at  all  tiues  an  anpls  supply  of 
water  for  the  suction  pipe.  It  also  acts  as  a  protection 
against  injnjy.  Tlie  crib  is  to  be  designed  as  shovm  in  Plate 
VI.  and  to  be  placed  as  shov/n  in  Plate  III..  The  top  and  sides 
are  to  be  covered  with  gravel  screened  to  pass  a  three  inch 
ring  and  be  held  on  a  one  and  one  half  incn  ring. 
Pu. jp  i  ng  Station. 

The  design  and  details  of  the  pumping  station  are  shovrn 
on  Plate  VI.  Since  concrete  is  to.be  used  in  the  building  of 
the  dam  and  filter  beds  it  will  be  cheaper  and  better  to  use 
It  in  this  case.  IJo. forms  are  necessary  for  the  walls.  The 


I  . 
tinber  uprights  suj/.ort  expanded  metal  lata.  I  the  recosB 
tims  lorued  concrete  is  ta-psd  .  The  outside  ar.d  in&ide  of  tne 
wall  is  plastered  v;iti.  a  one  inch  eoat  of  ce-icnt  uortar  one 
to  throe.  The  puirp  used  is  a  six  inch,  single  stage,  centri- 
fugal puiup.  This  puiup  requires  ten  horse  pov^cr,  v/hich  is 
supplied  by  tv/o  gasoline  engines  of  ten  horse  po^cr  capacity 
each.  These  are  attached  by  neanB  of  a  friction  clutch  to  the 
driving  pulley  vri^ich  is  belted  to  the  puiiip.  Storage  capacity 
of  fourteen  hundred  gallons  of  gasoline  is  provided  equival- 
ent '0  fifty  days  supply. 

Filter  Beds. 
The  rate  of  filtration  has  been  steadily  decreasing 
since  the  first  installation  of  filters.  The  experiments  of 
the  Massachusetts  State  Board  of  Health  and  those  i..  Europe 
have  sh07:n  that  the  highest  efficiency  is  obtained  for  raxes 
betvreen  tv70  ar:d  tnree  million  gallons  per  acre  per  day. 

In  the  design  of  a  filter  plant  tne  first  question  to  be 
settled  is  the  rate  of  filtration.  In  this  latituQe  a  cover 
is  necessary  to  protect  the  filter  from  freezing.  The  cover 
v/as  designed  to  suistain  a  load  of  eighty  pounds  per  square 
foot.  A  system  of  roof  slabs,  stringers,  beams  and  col^omrxs 
was  chosen  as  the  most  economical  and  easy  of  construction. 

The  details  of  the  filter  beds  are  shown  in  Plates  VII. 
and  VIII.  There  are  fo-ar  separate  beds  each  of  the  design  set 
forth  in  these  Plates  for  one  ben.  All  tin:  b.'ods  are  ouilx  m 
connection  as  one  structure.  The  inlet  pipes  are  provided 
with  float  valves  and  floats  set  to  keep  the  v:ater  at  the 
required  level. 
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GENERAL    SPECJFIGATIOIJS. 

All   cor.crete    uo  be  laade   of   Portlar.d  cement    in  pro'::o:r- 
tloris  by  voIvlihs   of   one  part   of   ceiaent,    tv;o  par  Is  of   eancl  and 
five  parts   of   crLishod   stone.    Tlie   Portlar.d  ceiaent   laiiBt   comply 
v/ltii  the  ,  specif  ications   of   the   American   Society  for   TcBtinp; 
Materials.    The   sand  must  be   clean   and  free  from  all   organic 
matter.    The   stone  mtast  be  hard,    clean  limestone   screened  to 
pasc    a  one   inch   screen  and   to  be   held  on  a  one-half   incn 
screen. 

All  material   to.be   sub,  eot   to   the   avjVjroval   of   the 
engineei    in  c  large.    The   steel   is   to  be    "Ransome   Cold  Tv/isted 
Bars",    of  medi^JXQ  steel. 

SAND  FOR  Filter  beds. 

The  gravel  shall  be  clean  and  free  from  all  irnpurities 
and  placed  to  a  height  of  one  foot  above  the  centers  of  the 
lateral  drains.  The  gravel  to  be  graded  upi'/ard  from  tv/o 
inches  to  sand.  The  fine  sand  to  be  urjed  in  the  filter  beds 
shall  be  clean,  sharp,  and  of  graded  sizes,  10^6  of  vhiich  by 
v/eight  must  pass  a  100  m.esh  seive.  The  uniformity  coefficient 
shall  be  2.5. 
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